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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a method of 
and an apparatus for controlling a magnetic disc drive 
for performing a record on a magnetic disc with a high 
density. 

Description of the Related Art 

[0002] Corresponding to a tendency of attaining both 
downsizing and a larger capacity of a magnetic disc unit 
in recent years, a recording density on a magnetic disc 
has been enhanced, i.e., a track density and a bit density 
have been enhanced. Enhancing this bit density entails 
the use of a magnetoresistance head (MR head) capa- 
ble of taking a greater level of a regenerative signal as 
a reading head in place of an inductive head capable of 
effecting conventional read/write processing. For this 
reason, there are prepared two pieces of magnetic 
heads, i.e., the inductive head for writing and the MR 
head for reading. 

[0003] Track-directional positions of these two heads 
are different from each other, and, hence, a variety of 
contrivances are needed for the control method. 
[0004] FIG. 24 is an explanatory diagram of the MR 
head. FIG. 25 is an explanatory diagram of a yaw angle. 
FIG. 26 is an explanatory diagram of a data format of 
the magnetic disc. 

[0005] As illustrated in FIG. 24, a magnetic head 90 
has an MR head 90-2 used as a read head in order to 
enhance the bit density. When this MR head is em- 
ployed as the read head 90-2, it is required that a write 
head 90-1 be separately provided. For example, an in- 
ductive head is employed for the write processing. A va- 
riety of problems to be obviated arise when using such 
an MR head. 

[0006] First, the heads 90-1 , 90-2 of the magnetic 
head 90 have different gap positions. On the other hand, 
a rotary type actuator is employed for moving the mag- 
netic head 90 in radial directions of the magnetic disc. 
This rotary type actuator rotates about the center of ro- 
tation, and its locus depicts a circular arc. Accordingly, 
an angle (known as a yaw angle) to a track (cylinder) 
direction of the magnetic head is not 0°. 
[0007] Besides, as shown in FIG. 25, the yaw angle 
changes on the inner and outer sides of the magnetic 
disc. For this reason, especially a track positional devi- 
ation of the MR head 90-2 is induced. Therefore, a mix- 
ing degree of signal components of adjacent tracks fluc- 
tuates depending on the respective tracks. This leads 
to a decline in terms of resolution of the read data. 
[0008] For preventing this decline, there was pro- 
posed a method of reducing a gap width of the MR head 
90-2 so that the gap of the MR head 90-2 does not ex- 



2 

tend over to the adjacent track on any track. Based on 
this method, however, there arises such a problem that 
a read output level decreases, and, correspondingly, an 
S/N ratio also increases. For this reason, a core width 
of the read head 90-2 is narrowed only to some extent. 
Even though done in such a way, when an offset is 
caused due to a thermal off-track or the like, a positional 
margin on one side is sufficient, but the positional mar- 
gin on the opposite side is reduced. 
[0009] As a method of increasing this positional mar- 
gin, there is proposed a yaw angle correcting method of 
changing offset quantities both in a read position and in 
a write position (see Japanese Patent Laid-Open Pub- 
lication No.4-232610, EP-A-0 479 703 or JP-A-5 242 
617, each disclosing the features in the preambles of 
claims 1 and 5). 

[001 0] As illustrated in Ft G. 26, generally in a data for- 
mat of the magnetic disc, an ID part is provided in front 
of a data part. Accordingly, when executing a write in- 
struction, the ID part is read, and the writing to the data 
part is carried out. Hence, according to the prior art, the 
ID part is read, and, therefore, a seek with a correction 
of the yaw angle is effected. Made thereafter is a seek 
movement corresponding to a correction quantity of the 
yaw angle, thus effecting the writing process to the data 
part. 

[0011] Second, the MR head 90-2 is defined as a 
magnetoresistance element. This MR head 90-2 reads 
the data by flowing a bias current. That is, the data is 
read by making use of variations in resistance value ac- 
cording to a magnetic force of the magnetoresistance 
element. This MR head 90-2 has a portion where a re- 
sistance variation with respect to the magnetic force 
does not exhibit a linear characteristic. For this reason, 
an operating point is set at a portion where the resist- 
ance variation with respect to the magnetic force takes 
the linear form by regulating the bias current. This reg- 
ulation has hitherto been done manually. 
[0012] Third, the MR head 90-2, as explained above, 
reads the data by running the bias current. Therefore, a 
voltage is applied to the MR head 90-2. Hitherto, the 
voltage has been applied to the MR head 90-2 simulta- 
neously when switching ON a power supply. 
[0013] Fourth, when enhancing the bit density, servo 
data on a servo surface of the magnetic disc are record- 
ed with a high density by use of the MR head. Conse- 
quently, even a trace of defect of the servo data is pre- 
cisely read. 

[0014] There exist, however, the following problems 
inherent in the prior art. 

[0015] According to the conventional yaw angle cor- 
recting method of changing the offset quantities in the 
read and write positions, the seek with the correction of 
the yaw angle is executed when performing the writing 
process, and the ID part is read. Thereafter, the writing 
to the data part is carried out after being moved corre- 
sponding to the correction quantity of the yaw angle, and 
hence this takes a time, correspondingly. Therefore, as 
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illustrated in FIG. 26, it is required that a gap (GAP)-2 
between the ID part and the data part be elongated, re- 
sulting in a reduction in capacity of the data part on the 
magnetic disc. 

[001 6] Further, in the conventional manual regulation 5 
of the bias current, the bias current is manually regulat- 
ed while seeing a regenerative waveform through an os- 
cilloscope or the like. It is therefore difficult to set an op- 
timal bias current. This conduces to a decrease in read 
margin. 

[0017] Moreover, the voltage has hitherto been ap- 
plied to the MR head 90-2 simultaneously with the pow- 
er-ON, and, hence, the voltage was applied before the 
magnetic disc did not rotate sufficiently. For this reason, 
it follows that the voltage is applied in the course of float- 
ing of the MR head 90-2. This may brings about a pos- 
sibility in which the MR head 90-2 is damaged due to 
discharging with respect to the magnetic disc having no 
electric potential. Besides, the voltage is, when not re- 
quired, applied, and consequently a decline of the char- 
acteristic due to variations with a passage of time is 
caused in the MR head 90-2. 

[0018] Similarly, when the defect occurs in the servo 
data, the servo control is not well conducted, resulting 
in a destruction of the data or a stoppage of the control 
system. 

SUMMARY OF THE INVENTION 

[0019] It is a primary object of the present invention 
to provide a method of and an apparatus for controlling 
a magnetic disc drive for making preferable a reading 
process by a read head separated from a write head. 
[0020] It is another object of the present invention to 
provide a method of and an apparatus for controlling a 
magnetic disc drive for improving a data format efficien- 
cy even by correcting a yaw angle of a read head sep- 
arated from a write head. 

[0021] A method and an apparatus according to the 
invention are defined in claims 1 and 5, respectively. 
[0022] Other features and advantages of the present 
invention will become readily apparent from the follow- 
ing description taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate presently preferred embodiments of the inven- 
tion, and together with the general description given 
above and the detailed description of the preferred em- 
bodiments given below, serve to explain the principle of 
the invention, in which: 

FIGS. 1A and 1B are diagrams of the principle of 
the present invention; 

FIG. 2 is an entire block diagram illustrating one em- 
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bodiment of the present invention; 
FIG. 3 is a block diagram fully Illustrating a config- 
uration of FIG. 2; 

FIG . 4 is a block diagram illustrating a servo demod- 
ulation circuit and a VCM drive circuit of FIG. 3; 
FIG. 5 is a block diagram illustrating a data demod- 
ulation encoding/decoding circuit of FIG. 3; 
FIG. 6 is a diagram showing a structure of a yaw 
angle offset table in the configuration of FIG. 3; 
FIG. 7 is a flowchart of read seek processing in one 
embodiment of the present invention; 
FIG. 8 is a flowchart of write seek processing in one 
embodiment of the present invention; 
FIGS. 9A and 9B are diagrams of assistance in ex- 
plaining the operations of FIGS. 7 and 8; 
FIG. 10 is a flowchart of calibration processing; 
FIGS. 11 A and 11 B are diagrams of assistance in 
explaining a bias current of an MR head; 
FIG. 12 is a diagram of assistance in explaining an 
optimal bias current of the MR head; 
FIG. 13 is a block diagram showing an auto adjust- 
ment of the optimal bias current of the MR head; 
FIG. 14 is a circuit diagram of a head IC of FIG. 13; 
FIG. 1 5 is a block diagram showing control of a pow- 
er supply; 

FIG. 1 6 is a circuit diagram of a power supply control 
circuit of FIG. 15; 

FIG. 17 is a circuit diagram of a bias current control 
circuit of FIG. 15; 

FIG. 1 8 is a block diagram illustrating a servo error • 
detection circuit; 

FIGS. 1 9 A and 1 9B are circuit diagrams each show- 
ing the principal portion of FIG. 18; 
FIG. 20 is a block diagram illustrating a timer circuit; 
FIG. 21 is a circuit diagram of a start/stop control 
circuit of FIG. 20; 

FIG. 22 is a circuit diagram of an operation mode 

switching circuit of FIG. 20; 

FIG. 23 is a timer chart of the circuit of FIG. 22; 

FIG. 24 is an explanatory diagram of the MR head; 

FIG. 25 is an explanatory diagram of a yaw angle; 

and 

FIG. 26 is a diagram of assistance in explaining a 
data format of a magnetic disc. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] FIGS. 1 A and 1 B are diagrams illustrating the 
principle of the present invention. 
[0025] As illustrated in FIG. 1B, when executing a 
write instruction, a seek operation is set so that a write 
head comes to the center of a write track. Then, as 
shown in FIG. 1 A, a yaw angle correction is performed 
so that the read head moves to the center of the write 
track only when executing the read instruction. More 
specifically, when executing the write instruction, a mov- 
ing quantity of the seek is calculated based on only a 
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moving quantity to a target track. On the other hand, 
when executing a read instruction, there is calculated a 
seek moving quantity obtained by adding a yaw angle 
offset quantity to the moving quantity to the target track. 
[0026] Reversely, if the seek is set so that the read 
head comes to the center of the write track when exe- 
cuting the read instruction, the yaw angle correction is 
performed so that the write head comes to the center of 
the write track when executing the write instruction. 
[0027] With this arrangement, the yaw angle correc- 
tion is, when written, not performed in the reading from 
the ID part. The ID part is, however, small in length and, 
besides, has a fixed length unlike the data part. The ID 
part is also smaller in terms of an updating frequency 
than in the data part, and hence there is a less proba- 
bility of causing a read error. For this reason, there is a 
small necessity for performing the correction of the yaw 
angle in the reading from the ID part. Further, if the read 
error happens in the reading from the ID part, this error 
can be relieved by a retry after waiting one rotation. This 
exhibits a much higher efficiency than by elongating the 
gap part between the ID part and the data part in con- 
sideration of a throughput of the system. 
[0028] FIG. 2 is a view illustrating the whole configu- 
ration in one embodiment of the present invention. FIG. 
3 is a detailed block diagram of FIG. 2. FIG. 4 is a block 
diagram illustrating a servo demodulation circuit and a 
VCM drive circuit of FIG. 3. FIG. 5 is a block diagram 
showing a data demodulating-encoding/decoding cir- 
cuit of FIG. 3. 

[0029] As illustrated in FIG. 2, a magnetic disc drive 
1 includes a magnetic disc 1 00 rotated by a spindle mo- 
tor 21 and an actuator 1 01 rotating about a rotary shaft 
1 02. The magnetic disc drive 1 also includes a VCM coil 
20 provided at a rear portion of the actuator 101 and a 
magnetic head 1 05 provided at the tip of the actuator 
1 01 . This magnetic head 1 05 has a write head 1 03 com- 
posed of an inductive element and a read head 104 
composed of an MR element. 

[0030] This magnetic head 1 05 is connected to a head 
IC 23 for supplying a write current and a read bias cur- 
rent. The head IC 23 is connected to a read/write circuit 
3b for demodulating the read data. The coil 20 of the 
actuator 1 01 is connected to a position circuit 3a for ef- 
fecting servo control. A hard disc controller 4 controls 
the above read/write circuit 3b and the position circuit 
3a in order to read or write the data to a desired track 
of the magnetic disc 100. 

[0031] Turning to FIG. 3, a servo head 1 0 reads servo 
data from a servo surface of the magnetic disc 1 00. This 
servo head 1 0 is also composed of the MR head. Data 
read heads 11 - 1 n are constructed of the M R heads and 
read the data from a data surface of the magnetic disc 
100 as well as reading the servo data. The VCM coil 20 
serves to constitute a part of a VCM (voice coil motor) 
for moving the actuator 101. The spindle motor 21 ro- 
tates the magnetic disc 100. 

[0032] A servo head IC 22 works to drive the servo 



head 10. The data head IC 23 selects an unillustrated 
write head and the read heads 11 - 1n in accordance 
with select signals and drive them. A digital-signal proc- 
essor 30 calculates a moving quantity in accordance 

5 with a seek indication and servo-controls the VCM coil 
20 as well as controlling the spindle motor 21 at a con- 
stant velocity. A memory 300 stores necessary items of 
data for controlling the digital-signal processor 30. 
[0033] A servo demodulation circuit 31 demodulates 

10 a servo signal read through the servo head 1 0 and out- 
puts this signal to the digital-signal processor 30. A VCM 
driver circuit 32 drives the VCM coil 20 on the basis of 
a command quantity of the digital-signal processor 30. 
A DCM driver circuit 33 drives the spindle motor 21 on 

is the basis of a command quantity of the digital-signal 
processor 30. 

[0034] A communication IC 36 serves to intervene be- 
tween the digital-signal processor 30 and an interface- 
oriented processor 40 which will be stated later. These 

20 elements constitute the position circuit 3a. 

[0035] A demodulation circuit 34 demodulates the 
read data given from the data head IC and outputs the 
read data in the form of Viterbi codes. The demodulation 
circuit 34, at the same time, outputs cylinder servo sig- 

25 nals to the digital-signal processor 30. An encoding/de- 
coding circuit 35 decodes the Viterbi codes given from 
the demodulation circuit 34 and outputs the decoded re- 
sult to a hard disk control circuit 42. The encoding/de- 
coding circuit 35, at the same time, encodes the write 

30 data into the Viterbi codes and outputs the Viterbi codes 
to the data head IC 23. 

[0036] A bias current control circuit 38, in accordance 
with an indication from the communication IC 36, con- 
trols the bias current running across the MR heads 1 1 - 
35 1 n through the data head IC 23. A read/write circuit 3b 
is constructed of the demodulation circuit 34, the encod- 
ing/decoding circuit 35 and the bias current control cir- 
cuit 38. 

[0037] The interface control processor 40 (hereinafter 
40 simply termed a processor) performs a variety of inter- 
face control operations. A memory 41 stores various 
items of data needed for the processing by the proces- 
sor 40. The hard disc control circuit 42 including an in- 
terface of an SCSI (Small Computer Interface) -2 ana- 
45 jyzes the signals received and controls a transmission 
and a receipt of the data. 

[0038] A buffer 43 serves to store the data necessary 
for the processing of the hard disc control circuit 42. A 
timer 44 measures a time required for the processing by 

50 the processor 40. The timer 44 will hereinafter be ex- 
plained with reference to FIG. 20 which follows. A servo 
error detection circuit 45 monitors a marker interval and 
detects a servo error. The servo error detection circuit 
45 will be stated later with reference to FIGS. 1 8 to 1 9B. 

55 [0039] These elements constitute a hard disc control- 
ler 4. 

[0040] As illustrated in FIG. 4, the servo demodulation 
circuit 31 has a servo demodulation circuit 31-1 for de- 
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modulating the servo signal of the servo head 10 
through the servo head IC 22. The servo demodulation 
circuit 31 also has an AD converter 31-2 for A/D-con- 
verting the demodulation signal and outputting it to the 
digital-signal processor 30. s 
[0041 ] Further, the VCM drive circuit 32 includes a DA 
converter 32-1 for D/A-converting the drive signal given 
from the digital-signal processor 30 and also a power 
amplifier 32-2 for driving the VCM coil 20 by an output 
of the DA converter 32-1 . 

[0042] As illustrated in the block diagram of the data 
demodulating-encoding/decoding circuit, an AGC am- 
plifier 340 AGC-controls the read signals of the read 
heads 11 - 1 n. A filter circuit 341 cuts off a high-frequen- 
cy component of the output of the AGC amplifier 340. 
An equalizer circuit 343 auto-equalizes an output of the 
filter circuit 341 . A most likelihood detection circuit 344 
detects the Viterbi code. A VFO circuit 345 generates a 
synchronous clock signal from an output of the equalizer 
circuit 343. 

[0043] A data surface servo amplifier 346, for a cal- 
culation of an off -track correction quantity, amplifies the 
servo signals recorded on the data surface of the mag- 
netic disc that are read by the read heads 11 - 1n. A 
peak hold circuit 347 detects a peak of the output of the 
servo amplifier 346. An AD (Analog/Digital) converter 
348 converts a peak hold output of the peak hold circuit 
347 into a digital value and inputs this digital value to 
the digital-signal processor 30. These elements consti- 
tute the demodulation circuit 34. 
[0044] An 8/9 encoding/decoding circuit 35 encodes 
8-bit write data into 9-bit data and outputs the 9-bit data 
to the write head. The 8/9 encoding/decoding circuit 35, 
at the same time, converts the 9-bit read data into 8-bit 
NRZ data and outputs the NRZ data as an item of read 
data. 

[0045] FIG. 6 is a diagram showing a structure of a 
yaw angle offset table based on the configuration of FIG. 
3. The memory 300 of the digital-signal processor 30 
stores a set of yaw angle offset tables 300-1 to 300-n. 
The yaw angle offset tables 300-1 to 300-n are provided 
corresponding to the respective read heads (MR heads) 
11 - 1 n. Each of these yaw angle offset tables 300-1 to 
300-n is a correspondence table of a cylinder address 
versus a yaw angle offset quantity. 
[0046] This yaw angle offset quantity is set at intervals 
of 128 cylinders. For instance, the yaw angle offset 
quantity is "y10" up to 0 - 127 cylinders of the read head 
1 1 . This kind of setting is based on an auto measure- 
ment by calibrations. That is, the seek is performed by 
changing the yaw angle offset quantity, and such a yaw 
angle offset quantity that the read margin is maximized 
is automatically measured, thus storing the yaw angle 
offset tables 300-1 to 300-n with the measured results. 
[0047] FIG. 7 is a read seek processing flowchart. 
FIG. 8 is a write seek processing flowchart. FIGS. 9A 
and 9B are diagrams of assistance in explaining the op- 
erations thereof. 
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[0048] The read seek operation will be discussed with 
reference to FIG. 7. 

(51) As shown in FIG. 7, the processor 40, when 
receiving a read seek command from the hard disc 
control circuit 42, calculates a target cylinder from 
a target read block. Then, the processor 40 indi- 
cates a read seek to the target cylinder to the digital- 
signal processor 30. 

(52) The digital-signal processor 30, with reference 
to the yaw angle offset tables 300-1 to 300-n, ob- 
tains a yaw angle offset quantity (yaw angle correc- 
tion quantity) corresponding to the target cylinder 
and the selected head as well from the target cylin- 
der and the head selection signal. 

Then, the digital-signal processor30 calculates 
a cylinder moving quantity from the target cylinder 
and a current cylinder. 

(53) On the other hand, the memory 300 of the dig- 
ital-signal processor 30 stores off-track quantities 
of the respective tracks positions. Accordingly, the 
digital-signal processor 30 reads an off-track cor- 
rection quantity of the cylinder position on the mag- 
netic disc surface that corresponds to the selected 
head. Then, the digital-signal processor 30 calcu- 
lates a final moving quantity by adding the cylinder 
moving quantity, the yaw angle offset quantity and 
the off -track correction quantity. 

Subsequently, the digital-signal processor 30 
drives the VCM coil 20 through the VCM driver cir- 
cuit 32 in accordance with the above final moving 
quantity. With this processing, the actuator 101 
seeks toward the target track. 

(54) Upon a completion of the seeking with the 
above final moving quantity, the digital-signal proc- 
essor 30 notifies the processor 40 of the completion 
of the seek. Upon this notification, the processor 40 
outputs a head selection signal to the data head IC 
23 and flows the bias current across the corre- 
sponding head. Simultaneously, the hard disc con- 
trol circuit 42 is notified of this current flow. The hard 
disc control circuit 42 takes out a target read block 
from the read data given from the head via the de- 
modulation circuit 34 and the encoding/decoding 
circuit 35 as well and sends this block to the SCSI 
interface. 

Next, a write seek operation will be discussed 
with reference to FIG. 8. 

(511) As shown in FIG. 8, the processor 40, when 
receiving a write seek instruction from the hard disc 
control circuit 42, calculates a target cylinder from 
a target write block. Then, the processor 40 indi- 
cates the write seek to the target cylinder to the dig- 
ital/signal processor 30. 

(512) The digital-signal processor 30 calculates a 
cylinder moving quantity from the target cylinder 
and the current cylinder. 

(51 3) The digital-signal processor 30 reads an off- 
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track quantity of the cylinder position on the mag- 
netic disc surface that corresponds to the selected 
head. Next, the digital-signal processor 30 calcu- 
lates a final moving quantity by adding the cylinder 
moving quantity and the off-track correction quanti- 5 

ty. 

Subsequently, the digital-signal processor 30 
drives the VCM coil 20 through the VCM driver cir- 
cuit 32 in accordance with the above final moving 
quantity. With this processing, the actuator 101 10 
seeks toward the target track. 
(S14) Upon a completion of the seeking with the 
above-mentioned moving quantity, the digital-sig- 
nal processor 30 notifies the processor 40 of the 
completion of the seek. Upon this notification, the *5 
processor 40 outputs a head selection signal to the 
data head IC 23 and applies a driving voltage to the 
corresponding write head. Simultaneously, the hard 
disc control circuit 42 is notified of this voltage ap- 
plication. The hard disc control circuit 42 supplies 20 
the write head with the write data via the encoding/ 
decoding circuit 35. The write head is thereby driv- 
en, and the write data is written to the target write 
block. 

As illustrated in FIG. 9A, the seek moving quan- 25 
tity in the read seek is determined by the cylinder 
moving quantity, the off-track correction quantity 
and the yaw angle offset quantity. That is, since the 
yaw angle correction is conducted, the read head 
core is located at the center of the write track on the 30 
inner, center and outer sides of the magnetic disk 
100, and a read margin is widened. 

On the other hand, as shown in FIG. 9B, the 
seek moving quantity in the write seek is deter- 
mined by the cylinder moving quantity and the off- 35 
track correction quantity. That is, since the yaw an- 
gle correction is not effected, the write head core is 
located at the center of the write track on the inner, 
center and outer sides of the magnetic disk 1 00, and 
a write margin is widened. 40 

When in this writing process, it is required that 
the ID part be read prior to the writing process par- 
ticularly in the format write and in the data write as 
well. At this time, as shown in FIG. 9B, the read 
head core is not located at the center, and, hence, 45 
there exists a possibility in which a read error will 
occur. The ID part to be read, however, has a short 
length and, besides, a fixed length unlike the data 
part. The ID part is smaller in terms of an updating 
frequency than in the data part, and hence there is so 
a less probability of causing the read error. 

For this reason, when in the write processing, 
there is a small necessity for correcting the yaw an- 
gle in the read processing from the ID part. Further, 
if the read error is produced in the read processing 55 
from the ID part, this error can be relieved with a 
retry after waiting one rotation. This exhibits a much 
higher data storage efficiency than by elongating a 



gap part 2 between the ID part and the data part in 
the prior art in consideration of a throughput of the 
system. 

In this example, the yaw angle correction is per- 
formed when in the read processing. Reversely, 
however, the yaw angle correction is performed 
when in the write processing, thereby locating the 
write head at the center of the write track. The yaw 
angle correction is not performed when in the read 
processing, and the read head may be located at 
the center of the write track. 

Next, the calibrating operation will be described 
with reference to FIG. 10. 

The calibrating operation is classified into an 
operation of detecting the off-track quantity per 
head and an operation of detecting the VCM mag- 
netic force per cylinder. In accordance with this em- 
bodiment.the calibration seek is performed not at 
one time but intermittently. With this operation, a 
drop in total throughput of the interface is restrained 
down to the minimum, and the calibration seek is 
thus executed. 

(521) The processor 40 determines whether or not 
a command is given from the hard disc control cir- 
cuit 42. The processor, when determining that the 
command (read/write command) comes in, indi- 
cates the digital-signal processor 30 to execute the 
command. The digital-signal processor 30 exe- 
cutes the command. For example, if determined as 
the read/write command, as shown in FIGS. 7 and 
8, the command is executed. 

Then, after finishing the execution of the com- 
mand, there is reset a command interval timer, for 
measuring an interval of the commands, of the proc- 
essor 40, thus starting the operation. 

(522) The processor 40, when determining that 
command does not come in or when executing the 
command in step S21, determines whether or not 
the command interval timer overflows. 

(523) The overflow of the command interval timer 
implies that the command does not come in be- 
tween a predetermined time interval. Accordingly, 
when the command interval timer overflows, the 
digital-signal processor 30 receives an indication to 
execute unexecuted calibration seeks among seg- 
mented calibration seeks a1 - aN. According to this 
indication, the digital-signal processor 30 executes 
the segmented calibration seeks. 

(524) In step S22, if the command interval timer 
does not overflow, or when executing the segment- 
ed calibration seeks, the processor 40 checks 
whether a calibration seek timer for determining an 
interval for executing the calibration seek overflows 
or not. If the calibration seek timer does not over- 
flow, the interval of executing the calibration seek is 
not yet reached, and, therefore, the processing re- 
turns to step S21 . 

(525) Whereas if the calibration seek timer over- 
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flows, the interval of executing the calibration seek 
is reached, and hence the processor 40 checks 
whether or not all the segmented calibration seeks 
are executed from a management table of its own. 
If the processor 40 determines that all the segment- 
ed calibration seeks are not yet executed, the 
processing goes back to step S23. The processor 
40, reversely when determining that all the seg- 
mented calibration seeks have already been exe- 
cuted, resets the calibration timer to start the oper- 
ation, and the processing returns to step S21 . 

[0049] In this way, there is not yet reached the interval 
of executing the calibration seek, and, meanwhile, the 
calibration seek is segmented and thus executed if the 
command does not come in during the fixed period. 
Then, when the calibration seek execution interval is 
reached, the remaining calibration seeks are executed. 
Hence, the total throughput of the interface is increased, 
and the calibration seeks are executable at the fixed in- 
tervals. 

[0050] FIGS. 11Aand 11 B are diagrams of assistance 
in explaining the bias current of the MR head. FIG. 12 
is a diagram of assistance in explaining an optimal bias 
current of the MR head. FIG. 13 is a block diagram 
showing an auto adjustment of the bias current. FIG. 1 4 
is a circuit diagram of the head IC of FIG. 1 3. 
[0051] A specific resistance of the MR head against 
the magnetic field changes as shown in FIGS, 11 A and 
11B. Accordingly, if the operating point (bias current) is 
not adequately selected, an output voltage for an input 
magnetic field does not coincide. In an example shown 
in FIG. 1 1 A, as the operating point is low, the output volt- 
age is asymmetric between the upper and lower halves. 
In an example shown in FIG. 11B, since the operating 
point is high, the output voltage is asymmetric between 
the upper and lower halves. 

[0052] In an example of FIG. 12, the operating point 
is adequate, and hence the output voltage is symmetric 
between the upper and lower halves. This operating 
point is determined by the bias current given to the MR 
head. A conventional method of determining the bias 
current involves changing the bias current supplied to 
the MR head, observing an output of the regenerative 
waveform per head, determining such a bias value that 
pulse amplitude values of positive and negative poles 
show the symmetry and manually setting this bias value. 
[0053] This method, however, depends on a visual 
observation of a man, and the problems are an intricacy 
of the measurement, an error, etc.. Also, the above 
method requires a good number of time-oriented steps. 
Moreover, if the bias current value is once fixed per 
head, it is impossible to follow up variations due to fluc- 
tuations in temperature. For this reason, the error be- 
comes large, and this may be a factor of decreasing the 
reliability on the data demodulation. 
[0054] In accordance with this embodiment, an auto 
adjustment mechanism is added to the apparatus itself, 



thereby reducing the number of time-oriented steps in 
terms of manufacturing the apparatus. Further, during 
the use of the apparatus, the auto adjustment mecha- 
nism is operated at intervals of a given time, thus follow- 
5 ing up the fluctuations in temperature and the variations 
with a passage of time. The reliability on the data de- 
modulation function of the apparatus is thereby remark- 
ably improved. 

[0055] Referring to FIG. 13, the same elements as 

10 those shown in FIGS, 3 - 5 are marked with the like sym- 
bols. As illustrated in FIG. 13, the demodulation circuit 
34 is provided with a peak detection circuit 342 for de- 
tecting an output peak of a filter circuit 341 . 
[0056] The bias current control circuit 38 includes a 

*5 full-wave rectifier circuit 380 for full-wave-rectifying the 
output of the peak detection circuit 342 and an integrat- 
ing circuit 381 for integrating a full-wave rectification out- 
put. The bias current control circuit 38 also includes an 
AD converter 382 for converting an output of the analog 

20 integration into a digital value and inputting the digital 
value to the processor 40. The bias current control cir- 
cuit 38 further includes a DA converter 383 for convert- 
ing the bias current value from the processor 40 into an 
analog quantity and a bias circuit (bias amplifier) 384 for 

25 amplifying and outputting an output of the DA converter 
383 to the head IC 23. 

[0057] Furthermore, the processor 40 incorporates a 
memory 400 for storing bias current values 11 - In meas- 
ured with respect to head addresses 1 - n. 

30 [0058] FIG. 14 is a circuit diagram of the head IC. In 
this circuit diagram, head drive circuits 23-1 to 23-n are 
provided corresponding to the respective MR heads 11 
- 1 n. These head drive circuits 23-1 to 23-n are connect- 
ed to the above-mentioned bias circuit 384 via switches 

35 S1 - Sn operated in response to head select signals. 
[0059] Each of the head drive circuits 23-1 to 23-n has 
the same configuration. Herein, the circuitry will be ex- 
plained by exemplifying the head drive circuit 23-1 . The 
head drive circuit 23-1 has a reference voltage line con- 

40 sisting of a series circuit extending from a power supply 
voltage VDD1 via a current source 231 , a diode VF and 
a voltage source Vc to a resistor Rc. The head drive cir- 
cuit 23-1 also has a reference current line consisting of 
a series circuit extending from the power supply voltage 

45 VDD1 via a current source 232, a pair of resistors Ra, 
Ra and a current source 233 to the earth. A capacitor C 
for holding the voltage is provided in parallel to this pair 
of resistors Ra, Ra. 

[0060] Then, a comparative amplifier 230 takes a dif- 
50 ference between the reference voltage of the reference 
voltage line and a comparative voltage Vb of the resistor 
Ra of the reference current line. The current source 232 
of the reference current line is controlled, thus holding 
the current of the reference current line to a reference 
55 value. 

[0061] Formed, on the other hand, is a series circuit 
extending from a power supply VDD2 via a resistor Rb, 
an MR head 11 , a resistor Rb and a current source 234 
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to the earth. A base of this first transistor VF1 is con- 
nected between the current source 232 and th resistor 
Ra of the reference current line, Provided further is a 
second transistor VF2 having a collector connected to 
the power supply voltage VDD1 , a base connected be- 
tween the resistor Ra and the current source 233 and 
an emitter connected between the resistor Rb and the 
current source 234. 

[0062] In this circuit, a constant current value of the 
current source 232 is controlled in accordance with the 
bias current supplied via the switch S1 from the bias cir- 
cuit 384. Under this control, a current Is flowing across 
the MR head 11 is also proportional to the relevant bias 
current value. 

[0063] Given next is an explanation of the operation 
of automatically adjusting the bias current running 
across the MR head. 

[0064] Starting the auto adjusting operation, the proc- 
essor 40 selects each head and outputs an initial value 
of the bias current value to the DA converter 383. The 
bias current value is then outputted via the bias circuit 
384 to the head IC 23, whereby the corresponding bias 
current flows across that MR head. 
[0065] Next, the bias current control circuit 38 re- 
ceives the read signal from the MR head via the AGC 
amplifier340, the filter circuit 341 and the peak detection 
circuit 342. The full-wave rectifier circuit 380 in the bias 
current control circuit 38 full-wave-rectifies the peak-de- 
tected read signal, and this result is integrated by the 
integrating circuit 381. An output of this integration is 
read to the processor 40 through the AD converter 382. 
If this integration output is constant, a read waveform of 
the MR head is symmetric between the upper and lower 
halves. Hence, the processor 40, whereas if the integra- 
tion output is not constant, changes the above bias cur- 
rent value and measures the integration output of the 
read waveform. 

[0066] In this manner, the processor 40 measures 
such an optimal bias current value that the integration 
output is constant or approximate to the constant value, 
and the thus measured optimal bias current value is 
stored in a relevant head address filed. Then, the proc- 
essor 40 measures optimal bias current values with re- 
spect to all the MR heads, and the memory stores these 
measured values. 

[0067] Thus, the bias current is automatically adjust- 
ed in the adjusting process when delivered from the fac- 
tory. Then, when in an ordinary use, the corresponding 
optimal bias current value is read from the head address 
of the memory 400 that is selected by the processor 40. 
Subsequently, the processor40 outputs this bias current 
value to the DA converter 383 and further outputs it to 
the head IC 23 via the bias circuit 384, thereby flowing 
the corresponding bias current across that MR head. 
With this processing, the output of each MR head shows 
the symmetry between the upper and lower halves, and 
the read error can be thereby prevented. 
[0068] Further, the optimal bias current value chang- 



es due to the variations in temperature and the changes 
with the passage of time. Hence, the processor 40, dur- 
ing the use of the apparatus, executes the auto adjust- 
ment with a fixed period when the command does not 
5 come in and updates the optimal bias current value of 
the memory 400. If this is done in the calibration seek 
explained before with reference to FIG. 9, a higher effi- 
ciency is provided. 

[0069] Thus, the optimal bias current is automatically 

10 adjusted, and, therefore, the measurement becomes 
easier with no error. Besides, it is possible to reduce the 
number of time-oriented steps. 
[0070] FIG. 1 5 is a block diagram showing the power 
supply control. FIG. 16 is a circuit diagram of a power 

15 supply control circuit. FIG. 1 7 is a circuit diagram of the 
bias current control circuit of FIG. 15. 
[0071] In some of the conventional magnetic disk 
units, the electric power is supplied to the data write cir- 
cuit, the data demodulation circuit and the head IC si- 

20 multaneously with the power-ON. Also, during a period 
from the power-ON to the time when the spindle motor 
reaches steady rotations, during the data writing and in 
the case where a non-access time to the apparatus con- 
tinues long, the read operation is not effected, and, nev- 

25 ertheless, the bias current is made to flow across the 
MR head. 

[0072] On the other hand, before the spindle motor 
reaches the steady rotations, the data is neither read 
nor written. Therefore, supplying the electric power in 

30 the meantime may cause an unnecessary dissipation of 
the electric power. Further, the head floats till the spindle 
motor reaches the steady rotations, and, consequently, 
a difference in electric potential between the MR head 
and the magnetic disc occurs. With this occurrence, en- 

35 ergizing or discharging takes place between the MR 
head and the magnetic disc, resulting in a reduction in 
terms of a life-span of the head due to a destruction of 
the MR head. 

[0073] Furthermore, if the bias current continues to 
40 flow unnecessarily, there are caused the decrease in the 
life-span of the head due to the deterioration of the MR 
head and a decline in terms of an output characteristic 
of the MR head. 

[0074] In this embodiment, after the spindle motor has 
« reached the steady rotations, the electric power is sup- 
plied, thereby preventing such troubles. 
[0075] Referring to FIG. 15, a power supply 370 sup- 
plies the electric power. A power supply control circuit 
371 controls the supply of the electric power from the 
so power supply 370 to the head IC 23, the data write circuit 
(encoding/decoding circuit) 35 and the data demodula- 
tion circuit 34. The power supply control circuit 371 will 
hereinafter be explained referring to FIG. 16. A steady 
rotation detection circuit 372 measures a time-interval 
55 of a holl signal generated per rotation of the spindle mo- 
tor 21 and thus detects whether or not the spindle motor 
21 reaches the steady rotations. 
[0076] A bias current control circuit 38-1 controls the 
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supply of the bias current of the MR head to the head 
IC 23 on the basis of an steady rotation detection output 
of the steady rotation detection circuit 372, a write gate 
signal of the processor 40 and a status signal when 
there is no access between a predetermined time inter- 
val. The bias current control circuit 38-1 will herei nbelow 
explained with reference to FIG, 17. 
[0077] As illustrated in FIG. 1 6, the power supply con- 
trol circuit 371 includes a drive circuit 371 -1 for effecting 
a drive in response to the steady rotation detection sig- 
nal of the steady rotation detection circuit 372 assuming 
a low level after detecting the steady rotations. The pow- 
er supply control circuit 371 also includes a relay 371 -2, 
having a coil driven by an output of the drive circuit 
371-1 , for connecting the data write circuit 35, the data 
demodulation circuit 34 and the head IC 23. 
[0078] As depicted in FIG. 1 7, the bias current control 
circuit 38-1 has a NOR circuit 385, an inverter circuit 386 
and a resistor 387. The NOR circuit 385 ORs the steady 
rotation detection signal of the steady rotation detection 
circuit 372 assuming the low level after detecting the 
steady rotations with the write signal assuming a high 
level during the data writing and the non-access status 
signal assuming the high level when there is no access 
between a predetermined time interval. The NOR circuit 
385 then outputs an inverse output thereof. The resistor 
387 serves as a resistor Rc of the head drive circuit 23-1 
of the head IC 23 that is shown in FIG 14. 
[0079] This operation will be discussed. The steady 
rotation detection circuit 372 measures the time-interval 
of the holl signals of the spindle motor 21. Then, the 
steady rotation detection circuit 372, if the time-interval 
of the holl signals is not uniform, determines this as a 
non-steady rotation and therefore outputs a high-level 
steady rotation detection signal. Whereas if uniform, the 
steady rotation detection circuit 372 determines this as 
the steady rotation and therefore outputs a low-level 
steady rotation detection signal. 
[0080] As shown in FIG. 1 6, the magnetic disc unit is 
powered-ON, and no current flows across the coil of the 
relay 371 -2 of the power supply control circuit 371 during 
the non-steady rotations till the spindle motor 21 reach- 
es the steady rotations. For this reason, the switch of 
the relay 371-2 is in an OFF-state, with the result that 
the electric power is not supplied to the data write circuit 
35, the data demodulation circuit 34 and the head IC 23. 
[0081 ] On the other hand, during the steady rotations 
when the spindle motor 21 reaches the steady rotations, 
the current runs across the coil of the relay 371 -2 of the 
power supply control circuit 371 . For this reason, the 
switch of the relay 371-2 is in an ON-state. The data 
write circuit 35, the data modulation circuit 34 and the 
head IC 23 are supplied with the electric power. 
[0082] No unnecessary electric power is therefore 
supplied to the data write circuit 35 and the data modu- 
lation circuit 34, thus saving the electric power. Further, 
since the head IC 23 is not supplied with the unneces- 
sary electric power, no voltage is supplied to the MR 



16 

head till the spindle motor reaches th steady rotations. 
Consequently, the voltage is not supplied to the MR 
head in the course of the floating of the MR head, there- 
by making it possible to prevent the energizing or dis- 
5 charging between the MR head and the magnetic disc. 
The deterioration of the MR head can be thereby pre- 
vented. 

[0083] Next, the processor 40 sets the write gate sig- 
nal at the high level during the data writing. Reversely 
when not in the data writing process, the processor 40 
sets the write gate signal at the low level. Also, the proc- 
essor 40, if there is not access between the predeter- 
mined time interval, sets the non-access signal at the 
high level. Whereas if not so, the processor 40 sets the 
non-access signal at the low level. 
[0084] As illustrated in FIG. 1 7, when satisfying one 
of conditions about whether or not the steady rotation 
detection signal is at the high level, whether or not the 
write gate signal is at the high level and whether or not 
the non-access signal is at the high level, no current 
flows through the resistor 387, and therefore no current 
runs across the M R head. That is, when the spindle mo- 
tor does not reach the steady rotations, or during the 
data writing, or when there is no access between the 
predetermined time interval, the current does not run 
across the MR head. 

[0085] On the other hand, when satisfying all the con- 
ditions of the steady rotation detection signal being at 
the low level, the write gate signal being at the low level 
and the non-access signal being at the low level, the 
current flows through the resistor 387, and hence the 
current runs across the MR head. That is, the current 
runs across the MR head when the spindle motor 21 
reaches the steady rotations, when not in the data writ- 
ing process and when there are some accesses be- 
tween the predetermined time interval. 
[0086] Accordingly, the bias current is not supplied to 
the MR head till the spindle motor reaches the steady 
rotations. Hence, no current is supplied to the MR head 
in the course of the floating of the head. It is therefore 
possible to prevent the energizing or discharging be- 
tween the MR head and the magnetic disc. The deteri- 
oration of the MR head can be thereby prevented. 
[0087] FIG. 18 is a block diagram illustrating a servo 
error detection circuit. FIGS. 1 9A and 1 9B are circuit di- 
agrams each showing the principal portion of FIG. 18. 
[0088] Known is a method of putting a marker to the 
top of a servo pattern on the servo surface of the mag- 
netic disc. For example, 21 5 pieces of markers are pro- 
vided when one track has 215 servo patterns. According 
to this method, immediately after a marker detection cir- 
cuit has detected the marker from the servo data, a ser- 
vo control system performs the processing. 
[0089] If there is produced such an abnormality that 
the data stored on the servo surface are destructed by 
some cause, however, servo mal-processing is to be 
conducted because of the abnormal servo data. Conse- 
quently, there arises such a situation that the data are 
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destructed, or there happens a trouble in which the con- 
trol system is stopped. 

[0090] In accordance with this embodiment, when the 
servo data are normal, the marker appear at a constant 
interval. Hence, the interval at which the markers appear 
is observed by detecting the markers, thus detecting a 
destruction of the servo data. 

[0091] Paying attention to FIG. 18, a marker detection 
signal MKR-FND, upon a detection of the marker, 
changes from the low level to the high level. A count 
data load timing generation circuit 450, when the marker 
detection signal MRK-FND changes to the high level, 
synchronizes with a PLL clock PLL-CLK to change a 
counter save signal CNT-SAVE from the low level to the 
high level by one cycle of the PLL clock PLL-CLK. At the 
same time, the count data load timing generation circuit 
450 changes a counter load signal CNT-LOAD from the 
high level to the low level by one cycle of the PLL clock 
PLL-CLK. 

[0092] This count data load timing generation circuit 
450 will be discussed in greater detail with reference to 
FIG. 19A. Note that the marker is detected by an unil- 
lustrated marker detection circuit incorporated into the 
communication IC 36 of FIG. 3. Also, the PLL clock 
PLL-CLK synchronizes with the data written on the ser- 
vo surface. 

[0093] A counter 451 , when loaded with an initial val- 
ue ([0]) in accordance with a counter load signal 
CNT-LOAD, counts the PLL clocks PLL-CLK. A counter 
data storage circuit 452 stores a count value of the coun- 
ter 451 in accordance with a counter save signal 
CNT-SAVE. 

[0094] A comparative data storage circuit 453 stores 
a marker interval given from the processor 40 as an item 
of comparative data. A comparing circuit 454 compares 
the storage data of the counter data storage circuit 452 
with the storage data of the comparative data storage 
circuit 453. Then, the comparing circuit 454, if not coin- 
cident in the comparison, outputs a servo error signal 
ERR-SVto the processor 40. This comparing circuit 454 
will be hereinafter described in greater detail with refer- 
ence to FIG. 19B. 

[0095] As illustrated in FIG. 19A, the count data load 
timing generation circuit 450 includes a first flip-flop 
450-1 for being set the marker detection signal 
MKR-FND with the PLL clock PLL-CLK and a second 
flip-flop 450-2 for being set an output of the first flip-flop 
450-1 with the PLL clock PLL-CLK. The count data load 
timing generation circuit 450 also includes a third flip- 
flop 450-3 for being set an output of the second flip-flop 
450-2 with the PLL clock PLL-CLK and an AND gate 
450-5 for AND-operating the first flip-flop 450-1 with the 
second flip-flop 450-2 and outputting the counter save 
signal CNT-SAVE and a NAND gate 450-4 for NAND- 
operating the second flip-flop 450-2 with the third flip- 
flop 450-3 and outputting the counter load signal 
CNT-LOAD. 

[0096] Further, as shown in FIG. 19B, the comparing 



circuit 454 includes a 16-bit EOR circuit 454-1 for exclu- 
sive-OR-operating count data CNT-DATA of the count 
data storage circuit 452 with comparative data CMP-DA- 
TA of the comparative data storage circuit 453. The 
5 comparing circuit 454 also includes an OR circuit 454-2 
for taking the OR of 1 6-bit data of the EOR circuit 454-1 
and a flip-flop circuit 454-3 for latching an output of the 
OR circuit 454-2. 

[0097] The operation thereof will be explained. The 

10 marker detection circuit detects the marker, whereby the 
marker detection signal MKR-FND changes to the high 
level. Hereat, the counter save signal CNT-SAVE 
changes to the high level in synchronism with the PLL 
clock PLL-CLK. With this processing, the count value of 

15 the counter 451 is set in the counter data storage circuit 
452. Next, the counter load signal CNT-LOAD assumes 
the low level with a delay of one cycle of the PPL clock 
PLL-CLK. The counter 451 is thereby loaded with the 
initial value [0] and counts the PLL clocks PLL-CLK from 

20 the initial value. 

[0098] The comparing circuit 454 compares the re- 
spective bits of the count data of the counter data stor- 
age circuit 452 with the bits of the comparative data of 
the comparative data storage circuit 453. Then, the 

25 comparing circuit 454 detects that the comparison does 
not show the coincidence and therefore outputs the ser- 
vo error signal ERR-SV. 

[0099] The processor 40 monitors the servo error sig- 
nal ERR-SV from the comparing circuit 454 and, when 

30 this servo error signal ERR-SV falls, determines that the 
servo error occurs. Based on this determination, the ser- 
vo error processing is carried out. For instance, the ser- 
vo control is stopped, and there is taken such an action 
as to inform the host machine of the above-mentioned. 

35 [0100] Thus, the abnormality of the data on the servo 
surface is detected by observing the marker appearing 
interval by making use of the markers provided at the 
equal intervals on the servo surface. Accordingly, the 
servo error can be quickly detected. With this detection, 

40 a malfunction of the apparatus can be prevented at an 
early stage. 

[0101] FIG. 20 is a block diagram of a timer circuit. 
FIG. 21 is a circuit diagram of a start/stop control circuit 
of FIG. 20. FIG. 22 is a circuit diagram of an operation 
45 mode switching circuit of FIG. 20. FIG. 23 is a time chart 
of the circuit of FIG. 22. 

[0102] In general, a timer circuit 44 for measuring a 
certain specific time is utilized because of the processor 
40. In the conventional timer circuit, after setting the 

so count value in the register, the start is designated by a 
start/stop bit. In this case, two kinds of processes are 
needed at the minimum for starting the timer. 
[01 03] Further, the timer does not incorporate a func- 
tion to detect an interrupt signal, and, even if the inter- 

55 rupt signal is asserted, the timer is timed out without 
stopping the timer. 

[0104] For this reason, as the two processes are re- 
quired at the minimum for starting the timer, the proces- 
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sor 40 for controlling the whole timer is burdened with 
this. Therefore, even if the timer is constructed of the 
hardware, it takes much time to operate the timer. 
[0105] Similarly, even when detecting the interrupt 
signal, there is no function to stop the timer. Hence, even 
if the interrupt signal is asserted, the timer is timed out, 
and the processor 40 is notified of the interrupt signal. 
The processor 40 is therefore required to perform the 
processing of the Interrupt signal from the timer, result- 
ing in an augment in terms of the burden on the proces- 
sor 40. 

[0106] This embodiment provides the timer circuit for 
actualizing the timer function with a minimum burden on 
the processor 40. 

[0107] As illustrated in FIG. 20, the timer 44 includes 
a register 440, an interrupt signal detection circuit 441 , 
a start/stop control circuit 442, an operation mode 
switching circuit 443 and a counter circuit 444 having a 
prescaler 45. 

[0108] Set in the register 440 are a count value from 
the processor 40, an operation mode switching bit and 
a start/stop bit. The interrupt detection circuit 441 de- 
tects the interrupt signal and indicates the start/stop 
control circuit 442 to stop the timer. The start/stop con- 
trol circuit 442 controls the start/stop of the timer on the 
basis of the start/stop bit set in the register 440. 
[0109] The operation mode switching circuit 443 con- 
trols the switching of the operation mode of the timer on 
the basis of the operation mode switching bit set in the 
register 440. The countercircuit 444 reads the count val- 
ue set in the register 440 and decrements this value to 
send it back to the register. The prescaler 445 divides a 
frequency of a clock CLK given from the outside, thereby 
generating various clocks CLK, CLK1 , CLK2, CLK3. 
[0110] The start/stop control circuit 442 will be ex- 
plained with reference to FIG. 21 . A start/stop indication 
from the processor 40 is set in a start/stop bit flip-flop 
440-1 of the register 440 in response to a write signal 
from the processor 40. A NOR circuit 442-1, when the 
start/stop bit is set in the flip-flop 440-1, synchronizes 
with the write signal and outputs a load clock LOADCLK. 
[0111] A signal generation circuit 442-2 includes a 
first flip-flop 442a in which a Q-output of the flip-flop 
440-1 is set, an inverter circuit 442c for inverting the 
clock CLK and a second flip-flop 442b in which the Q- 
output of the first flip-flop 442a is set in accordance with 
the clock CLK of the inverter circuit 442c. 
[0112] In this circuit, a clock stop signal CLKSTOP is 
outputted from the inverted Q-output of the first flip-flop 
442a. Further, a load/start signal LOAD/START output- 
ted from the second flip-flop 442b synchronizes with the 
clock CLK and is then outputted with a delay behind the 
write signal. 

[0113] A NOR circuit 442-3 NOT-OR-OPERATES a 
reset signal from the processor 40 with an interrupt sig- 
nal from the interrupt circuit 441. With this processing, 
there are reset the flip-flop 440-1 of the register 440 and 
two flip-flops 442a, 442b of the signal generation circuit 



442-2. 

[01 1 4] Next, the operation mode switching circuit 443 
will be described with reference to FIGS. 22 and 23. As 
illustrated in FIG. 22, a clock selection circuit 443-1 is 

5 constructed of gate groups 443a - 443d for selecting one 
of the three clocks CLK1 , CLK2, CLK3 frequency-divid- 
ed by the prescaler 445 in accordance with the 2-bit op- 
eration mode bits. An output thereof goes as indicated 
by r XJ in FIG. 23. 

10 [0115] A synchronous circuit 443-2 has a flip-flop 
443e for setting an operation dock selected by a clock 
selection circuit 443-1 on the basis of the clock CLK. 
The synchronous circuit 443-2 also has a NOR circuit 
443f for NOR-operating the above clock stop signal 

15 CLKSTOP with an output of the flip-flop 443e and the 
clock CLK. In this circuit, the operation clock (indicated 
by r YJ in FIG. 23) synchronizing with the clock is out- 
putted, and, at the same time, the processor 40, when 
making a stop designation, stops the output of the op- 

20 eration clock. 

[0116] A NOR circuit 443-3 NOR-operates the oper- 
ation clock from the synchronous circuit 443-2 with the 
load clock signal LOADCLK and outputs a clock signal 
CLKOUT (shown in FIG. 23) of the counter 444. 

25 [0117] The operation thereof will be explained. The 
processor 40, for operating the timer, writes the start/top 
bit to the register 440 (flip-flop 440-1) with a start des- 
ignation. Hereat, the NOR circuit 442-1 outputs the load 
clock signal LOADCLK to the operation mode switching 

30 circuit 443. In the operation mode switching circuit 443, 
as discussed above, the clock signal for the counter 444 
is generated. Further, in the signal generation circuit 
442-2, a load/start signal LOAD/START is generated 
with a delay behind the write signal to the register 440. 

35 [0118] For this reason, while the load/start signal 
LOAD/START remains at the low level, the load clock 
signal LOADCLK is inputted as a clock signal CLKOUT 
to the counter 444. The counter 444 is brought into a 
load status when the load/start signal LOAD/START is 

40 at the low level, and when the clock signal CLOCKOUT 
is at the high level. Accordingly, the count value of the 
register 440 is loaded in the counter 444. Next, when 
the load/start signal LOAD/START assumes the high 
level, the counter 444 comes into a countable status. 

45 The counter 444 therefore down-counts the clock sig- 
nals CLKOUT 

[0119] Thus, even if the processor 40 simultaneously 
sets the count value and the start designation, the timer 
is operable. 

so [0120] Next, the processor 40, for the purpose of 
switching the operation mode of the timer, sets the count 
value, the operation mode and the start/stop bit. In ad- 
dition to the above-mentioned operations, the clock se- 
lection circuit 443-1 selects a clock employed in the 

55 counter 444 from the operation mode switching bits of 
the register 440 and outputs it as the clock signal CLK- 
OUT. Accordingly, even when the processor 40 sets the 
count value, the start designation and the operation 
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mode setting bit, the timer is operable. 
[0121] Next, when the processor 40 designates the 
stop, the flip-flop 442a of the start/stop control circuit 
442 is reset. With this resetting, the clock stop signal 
CLKSTOP assuming the high level is outputted, and, 5 
hence, the output of the synchronous circuit 443-2 of the 
operation mode switching circuit 443 still remains at the 
high level. For this reason, the clock supply to the coun- 
ter 444 is stopped. 

[0122] Therefore, even when the processor 40 desig- 10 
nates the stop, the count values obtained so far are left, 
and the timer can be stopped. 
[0123] Similarly, when the interrupt signal or the reset 
signal comes in, the flip-flop 442a is reset by the NOR 
circuit 442-3 of the start/stop control circuit 442. With 15 
this resetting, the clock stop signal CLKSTOP assuming 
the high level is outputted, so that the output of the syn- 
chronous circuit 443-2 of the operation mode switching 
circuit 443 keeps the high level. Consequently, the clock 
supply to the counter 444 is stopped. 20 
[0124] Accordingly, even when the interrupt signal 
comes in, the count values obtained so far are left, the 
timer can be stopped. This makes it possible to relieve 
the burden on the processor 40 due to the time-out. Fur- 
ther, the reset signal is also supplied to the counter 444, 25 
and, therefore, when the reset signal comes in, the 
counter 444 is also reset. 

[0125] In this manner, the timer value is loaded in the 
interior of the timer, thus generating the signal for start- 
ing. Hence, the processor is capable of starting or stop- 30 
ping the time by the single instruction. This makes a 
large contribution to the relief of the burden on the proc- 
essor. 

[0126] In accordance with the embodiments of FIGS. 
7 and 9 other than the embodiments discussed above, 35 
the read head is composed of the MR element, while 
the write head is composed of the inductive element. 
However, other heads are also applicable, wherein the 
read head and the write head are separated. 
[0127] As discussed above, according to the present <o 
invention, first, the yaw angle correction is performed 
either in the read seek or in the write seek. It is therefore 
possible to enhance the read performance of the read 
head. 

45 

Claims 

1 . A method of controlling a magnetic disc drive includ- 
ing: a magnetic disc (100); a magnetic head (105) so 
including a write head (1 03) for writing data to said 
magnetic disc and a read head (1 04) for reading the 
data from said magnetic disc; and a rotary type ac- 
tuator (1 01 ) for locating said magnetic head in a de- 
sired track position on said magnetic disc, said 55 
method comprising: 

a step of calculating a first moving quantity from 



the curent track up to a different designated tar- 
get track position in accordance with a write in- 
struction or a read instruction and calculating a 
second moving quantity from said first moving 
quantity and a yaw angle offset quantity; and 
said method being characterised by: 
a step of locating said magnetic head in the tar- 
get track position by seek-controlling said rota- 
ry type actuator (101) in accordance with the 
first moving quantity or the second moving 
quantity so that the write head is moved directly 
to the centre of the target track following a write 
instruction and the read head is moved directly 
to the centre of the target track following a read 
instruction. 

A method of controlling a magnetic disk drive ac- 
cording to claim 1 , wherein said step of calculating 
the second moving quantity from the first moving 
quantity and the yaw angle offset quantity includes: 

a sub-step of obtaining the yaw angle offset 
quantity corresponding to the target track posi- 
tion; and 

a sub-step of calculating the second moving 
quantity from the first moving quantity and the 
yaw angle offset quantity. 

A method of controlling a magnetic disc drive ac- 
cording to claim 2, wherein said step of obtaining 
the yaw angle offset quantity corresponding to the 
target track position is a step of obtaining the yaw 
angle offset quantity corresponding to the target 
track position of said magnetic head selected 
among a plurality of magnetic heads mounted on 
said rotary type actuator (101). 

A method of controlling a magnetic disc drive ac- 
cording to claim 1 to 3, wherein said read head (1 04) 
is constructed of a magnetoresistance type ele- 
ment. 

An apparatus for controlling a magnetic disc drive 
including: a magnetic disc (100); a magnetic head 
(105) including a write head (103) for writing data 
to said magnetic disc and a read head (104) for 
reading the data from said magnetic disc; and a ro- 
tary type actuator (101) for locating said magnetic 
head in a desired track position on said magnetic 
disc, said apparatus comprising: 

a first control circuit for indicating a seek to a 
designated target track other than the current 
track in accordance with a write instruction or a 
read instruction; and 

a second control circuit having means for cal- 
culating a first moving quantity up to said target 
track position in accordance with the write in- 
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struction or the read instruction, means for cal- 
culating a second moving quantity from the first 
moving quantity and a yaw angle offset quantity 
in accordance with the read instruction or the 
write instruction and said apparatus being 5 
characterised in that said second control cir- 
cuit further includes means for seek-controlling 
said rotary type actuator (101) in accordance 
with the first moving quantity or the second 
moving quantity so that the write head is moved 10 
to the centre of the target track following a write 
instruction and the read head is moved directly 
to the centre of the target track following a read 
instruction. 

15 

6. An apparatus for controlling a magnetic disk drive 
according to claim 5, wherein said second control 
circuit has means obtaining the yaw angle offset 
quantity corresponding to the target track position 
and thereafter calculating the second moving quan- 20 
tity from the first moving quantity up and the yaw 
angle offset quantity. 

7. An apparatus for controlling a magnetic disc drive 
according to claim 6, wherein said second control 25 
circuit, for obtaining the yaw angle offset quantity 
corresponding to the target track position, obtains 

the yaw angle offset quantity corresponding to the 
target track position of said magnetic head selected 
among a plurality of magnetic heads mounted on 30 
said rotary type actuator (101). 

8. An apparatus for controlling a magnetic disc drive 
according to claim 5,6 or 7, wherein said read head 
(104) is constructed of a magnetoresistance type 35 
element. 



Patentanspruche 

40 

1. Verfahren zum Steuem eines Magnetplattenlauf- 
werks, welches enthalt: eine Magnetplatte (1 00); ei- 
nen Magnetkopf (105), dereinen Schreibkopf (103) 
zum Schreiben von Daten in die Magnetplatte und 
einen Lesekopf (1 04) zum Lesen der Daten von der 45 
Magnetplatte enthalt; und ein Stellglied (101) vom 
Drehtyp zum Anordnen des Magnetkopfes in einer 
gewunschten Spurposition auf der Magnetplatte, 
welches Verfahren umfaBt: 

50 

einen Schritt zum Berechnen einer ersten Be- 
wegungsgroBe von der aktuellen Spur bis zu 
einer verschiedenen bezeichneten Zielspurpo- 
sition gemaB einer Schreibanweisung oder ei- 
ner Leseanweisung und Berechnen einer zwei- 55 
ten BewegungsgroBe aus der ersten Bewe- 
gungsgroBe und einer Gierwinkelversatz-Gro- 
Be; und welches Verfahren gekennzelchnet 



535 B1 24 
Istdurch: 

einen Schritt zum Anordnen des Magnetkopfes 
in der Zielspurposition durch Positionierungs- 
steuern des Stellglieds (101) vom Drehtyp ge- 
maB der ersten BewegungsgroBe oder der 
zweiten BewegungsgroBe, so daB der Schreib- 
kopf direkt zur Mitte der Zielspur nach einer 
Schreibanweisung bewegt wird und der Lese- 
kopf direkt zur Mitte der Zielspur nach einer Le- 
seanweisung bewegt wird. 

2. Verfahren zum Steuem eines Magnetplattenlauf- 
werks nach Anspruch 1 , worin der Schritt zum Be- 
rechnen der zweiten BewegungsgroBe aus der er- 
sten BewegungsgroBe und der Gierwinkerversatz- 
GroBe enthalt: 

einen Teilschritt zum Erhalten der Gierwinkel- 
versatz-GroBe entsprechend der Zielspurposi- 
tion; und 

einen Teilschritt zum Berechnen der zweiten 
BewegungsgroBe aus der ersten Bewegungs- 
groBe und der Gierwinkelversatz-GroBe. 

3. Verfahren zum Steuern eines Magnetplattenlauf- 
werks nach Anspruch 2, worin der Schritt zum Er- 
halten der Gierwinkelversatz-GroBe entsprechend 
der Zielspurposition ein Schritt zum Erhalten der 
Gierwinkelversatz-GroBe entsprechend der Ziel- 
spurposition des Magnetkopfes ist, der unter meh- 
reren Magnetkopfen ausgewahlt wurde, die auf 
dem Stellglied (101) vom Drehtyp montiert sind. 

4. Verfahren zum Steuern eines Magnetplattenlauf- 
werks nach Anspruch 1 bis 3, worin der Lesekopf 
(104) aus einem Element vom Magnetowiderstand- 
styp aufgebaut ist. 

5. Gerat zum Steuern eines Magnetplattenlaufwerks, 
enthaltend: 

eine Magnetplatte (100); einen Magnetkopf 
(1 05), der einen Schreibkopf (113) zum Schrei- 
ben von Daten in die Magnetplatte und einen 
Lesekopf (104) zum Lesen der Daten von der 
Magnetplatte enthalt; und ein Stellglied (101) 
vom Drehtyp zum Anordnen des Magnetkopfes 
in einer gewunschten Spurposition auf der Ma- 
gnetplatte, welches Gerat umfaBt: 
eine erste Steuerschaltung zum Angeben einer 
Positionierung zu einer bezeichneten Zielspur, 
die von der aktuellen Spur verschieden ist, ge- 
maB einer Schreibanweisung oder einer Lese- 
anweisung; und 

eine zweite Steuerschaltung mit einem Mittel 
zum Berechnen einer ersten BewegungsgroBe 
bis zu der Zielspurposition gemaB der Schrei- 
banweisung oder der Leseanweisung, einem 
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Mittel zum Berechnen einer zwelten Bewe- 
gungsgroBe aus der ersten BewegungsgroBe 
und einer Gierwinkelversatz-GroBe gemaB der 
Leseanweisung oder der Schreibanweisung, 
und welches Gerat dadurch gekennzeichnet 
1st, daB die zweite Steuerschaltung terner ein 
Mittel zum Positionierungssteuern des Stell- 
glieds (1 01 ) vom Drehtyp gemaB der ersten Be- 
wegungsgroBe oder der zweiten Bewegungs- 
groBe enthaft, so daB der Schreibkopf zur Mitte 
der Zielspur nach einer Schreibanweisung be- 
wegt wird und der Lesekopf direkt zur Mitte der 
Zielspur nach einer Leseanweisung bewegt 
wird. 

6. Gerat zum Steuern eines Magnetplattenlaufwerks 
nach Anspruch 5, worin die zweite Steuerschaltung 
ein Mittel zum Erhalten einer Gierwinkelversatz- 
GroBe entsprechend der Zielspurposition und an- 
schlieBenden Berechnen der zweite Bewegungs- 
groBe aus der ersten BewegungsgroBe und der 
Gierwinkelversatz-GroBe aufweist. 

7. Gerat zum Steuern eines Magnetplattenlaufwerks 
nach Anspruch 6, worin die zweite Steuerschal- 
tung, urn die Gierwinkelversatz-GroBe entspre- 
chend der Zielspurposition zu erhalten, die Gierwin- 
kelversatz-GroBe entsprechend der Zielspurpositi- 
on des Magnetkopfes erhalt, der unter mehreren 
Magnetkopfen ausgewahlt wurde, die auf dem 
Stellglied (101) vom Drehtyp montiert sind. 

8. Gerat zum Steuern eines Magnetplattenlaufwerks 
nach Anspruch 5, 6 oder 7, worin der Lesekopf 
(104) aus einem Element vom Magnetowiderstand- 
styp aufgebaut ist. 



d'angle de lacet ; et ledit procede etant carac- 
terise par : 

une etape de placement de ladite tete magn6- 
tique dans la position de piste cible par la com- 

5 mande de recherche dudit actionneur de type 

tournant (101) selon ta premiere quantite de de- 
placement ou la seconde quantite de deface- 
ment de sorte que la tete d'ecriture est depla- 
c6e directement au centre de la piste cible sui- 

10 vant une instruction d'ecriture et la tete de lec- 

ture est deplacee directement au centre de la 
piste cible suivant une instruction de lecture. 

2. Procede de commande d'un lecteur de disque ma- 
1 $ gnetique selon la revendication 1 , dans lequel ladite 

etape de calcul de la seconde quantite de deplace- 
ment de la premiere quantite de deplacement et la 
quantite de decalage d'angle de lacet comprend : 

20 une sous-etape d'obtention de la quantite de 

decalage d'angle de lacet correspondant a la 
position de piste cible ; et 
une sous-etape de calcul de la seconde quan- 
tite de defacement de ladite premiere quantite 

25 de defacement et la quantite de decalage 

d'angle de lacet. 

3. Procede de commande d'un lecteur de disque ma- 
gnetique selon la revendication 2, dans lequel ladite 

30 etape d'obtention de la quantite de decalage d'an- 
gle de lacet correspondant a la position de piste ci- 
ble est une etape d'obtention d'une quantite de de- 
calage d'angle de lacet correspondant a la position 
de piste cible de ladite tete magnetique seiection- 

35 nee parmi une plurality de tetes magnetiques mon- 
tees sur ledit actionneur de type tournant (101). 



Revendlcations 

1. Procede de commande de lecture de disque ma- 
gnetique comprenant : un disque magnetique 

(100) ; une tete magnetique (105) comprenant une 
tete d'ecriture (103) pour ecrire des donn6es dans 
ledit disque magnetique et une tete de lecture (1 04) 
pour lire les donnees a partir dudit disque 
magnetique ; et un actionneur de type tournant 

(101) pour placer ladite tete magnetique dans une 
position de piste voulue sur ledit disque magneti- 
que, ledit procede comprenant : 

une etape de calcul d'une premiere quantite de 
deplacement a partir de la piste actuelle jusqu'a 
une differente position de piste cible designee 
selon une instruction d'ecriture ou une instruc- 
tion de lecture et de calcul d'une seconde quan- 
tite de deplacement de ladite premiere quantite 
de deplacement et une quantite de decalage 



4. Procede de commande d'un lecteur de disque ma- 
gnetique selon la revendication 1 a 3, dans lequel 

40 ladite tete de lecture (1 04) est constitu6e d'un ele- 
ment de type magneto-r6sistif . 

5. Appareil pour commander un lecteur de disque ma- 
gnetique comprenant : un disque magnetique 

45 (1 00) ; une tete magnetique (1 05) comprenant une 
tete d'ecriture (103) pour ecrire des donnees dans 
ledit disque magnetique et une tete de lecture (1 04) 
pour lire les donnees dudit disque magnetique, et 
un actionneur de type tournant (101) pour placer la- 

so dite tete magnetique a ladite position de piste vou- 
lue sur ledit disque magnetique, ledit appareil 
comprenant : 

un premier circuit de commande pour indiquer 
55 une recherche d'une piste cible designee autre 

que la piste actuelle selon une instruction 
d'ecriture ou une instruction de lecture ; et 
un second circuit de commande ayant un 
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moyen pour calculer une premiere quantite de 
emplacement jusqu'a ladite position de piste ci- 
ble selon ('instruction d'ecriture ou instruction 
de lecture, un moyen pour calculer une secon- 
de quantite de deplacement a partir de la pre- 5 
miere quantite de deplacement et une quantite 
de decalage d'angle de lacet selon ('instruction 
de lecture ou I'instruction d'ecriture et I edit ap- 
pareil etant caracterise en ce que ledit second 
circuit de commando comprend en outre un to 
moyen pour commander la recherche dudit ac- 
tionneur de type toumant (1 01 ) selon la premie- 
re quantite de deplacement ou la seconde 
quantite de deplacement pour que la tete de- 
placement soit deplacee au centre de la piste 15 
cible suivant une instruction d'ecriture et la tete 
de lecture est deplacee directement au centre 
de la piste cible suivant une instruction de lec- 
ture. 

20 

6. Appareil pour commander un lecteurdedisquema : 
gnetique selon la revendication 5, dans lequel ledit 
second circuit de commande possede un moyen 
pour obtenir une quantite de decalage d'angle de 
lacet correspondant a la position cible de lacet et 25 
ensuite pour calculer la seconde quantite de defa- 
cement a partir de la premiere quantite de deplace- 
ment et de la quantity de decalage d'angle de lacet. 

7. Appareil pour commander un lecteurdedisque ma- 30 
gnetique selon la revendication 6, dans lequel ledit 
second circuit de commande, pour obtenir la quan- 
tite de decalage d'angle de lacet correspondant a 

la position de piste cible, obtient une quantite de de- 
calage d'angle de lacet correspondant a la position 35 
de piste cible de ladite tete magnetique selection- 
nee parmi une pluralite de tetes magnetiques mon- 
tees sur ledit actionneur de type tournant (1 01 ). 

8. Appareil pour commander un lecteurdedisque ma- *o 
gn6tique selon la revendication 5, 6 ou 7, dans le- 
quel ladite tete de lecture (104) est constitute d'un 
element de type magneto-resistif. 
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